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Claims 




1. A method of forming a light emitting diode (LED) /* 
comprising: / 

selecting a first material having properties 
compatible with fabricating LED layers having desired 
mechanical characteristics ; 

providing a first substrate made of /the 
selected first material; 

fabricating the LED layers on th«^ first sub- 
strate, thereby forming an LED structure; 

selecting an optically transparent material 
compatible with enhancing performance /bf the LED 
structure; and 

wafer bonding a transparent layer of the 
selected optically transparent material to the LED 
layers . 



2 . The method of claim/ 1 
layer is a step of epit 
layers on the first sub 
selection of a materia 



rherein fabricating the LED 
illy/growing a plurality of 

the first material being a 
provide a lattice compatible 



with epitaxially growing the plurality of layers, 



3. The method of claim 1 further comprising removing 
the first substrate. 



4 . The method of claim 3 wherein removing the first 
substrate i:s a step performed prior to wafer bonding the 
transparent layer, the wafer bonding being a step of 
wafer bohding a transparent substrate to a side of the 
LED stjmcture from which the first substrate is removed. 

i 
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5. The method of claim 1 wherein wafer bonding the 
transparent layer to the LED structure is a step per- 



formed at elevated temperatures to obtain a low resist- 
ance electrical connection, including elevating /the 
temperature to provide softening of the layer^ to be 
wafer bonded. / 



6. The method of claim 5 wherein wafer/bonding is a 
step including applying pressure to the^ layers to be 
wafer bonded to achieve conformity of/the layers to be 
wafer bonded. 



7. The method of claim 1 where/n at least one of the 
steps of fabricating the LED layers and selecting the 
optically transparent material is a step of selecting 
one of an In-bearing compound, an Hg-bearing compound, 
a Cd-bearing compound efnd A Zn-bearing compound at an 
interface of the layer^ j^o be yafer bonded. 

8. A method of f ormifrh<4 v a^light emitting diode (LED) 
comprising : 

providing a temporary growth substrate having a 
lattice compatible with epitaxially growing LED layers; 

epita^ially growing a lamination of LED layers 
on the growth substrate, the lamination having a first 
side and havirig a second side coupled to the growth sub- 
strate, the growth substrate thereby forming a growth 
support surface; and 

substituting the temporary support surface with 
a permanent substrate having at least one of a higher 
electria&l conductivity and an increased optical trans- 
parency^ relative to the growth substrate, the substitut- 
ing infcluding wafer bonding the permanent substrate to 
one </f the first and second sides of the LED layers, the 
wafeftr bonding including elevating the temperature at the 
interface of the permanent substrate ard the LED layers' 
to achieve a low resistance connection therebetween. 
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9. The method of claim 8 wherein substituting the y 
temporary support surface includes removing the growth 
substrate following the wafer bonding of the permanent 
substrate to the first side of the LED layers. / 

10. The method of claim 8 wherein substituting the 
temporary support surface includes removing the growth 
substrate prior to the wafer bonding of £he permanent 
substrate to the second side of the LEI* layers. 

11. The method of claim 8 furthey^comprising wafer 
bonding a second electrically conductive, optically 
transparent substrate on the LET) layers, the permanent 
substrate being electrically ^Conductive and optically 
transparent, thereby sandwiching the LED layers between 
transparent substrates */\/ 

12. The method of cl^im 8 further comprising flowing a 
dopant gas during the wafer bonding of the permanent 
substrate so as to/increase carrier concentration at the 
interface of the >wafer bond. 



13. The metj/od of claim 8 further comprising applying a 
cap materia^ to at least one of the permanent substrate 
and the LDD layers to retard oxidation prior to the step 
of substituting the temporary support surface with the 
permanent substrate, the method further comprising apply- 
ing hefet to decap the at least one of the permanent sub- 
strate and the LED layers for the wafer bonding of the 
permanent substrate to the LFD layers. 

i 
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14. A light emitting semiconductor deviw comprising: 

an arrangement of semiconductor layers for 
generating light in resporrse to a Conduction of current; 

an optically tya^par^nt wafer-bond layer 
coupled to said semicond^toir layers, an interface of 
said wafer-bond layer witK^che semiconductor layers 
exhibiting properties ^pfikracteristic of layers that have 



undergone wafer bonding; 



and 



electrode means for applying a current to said 
arrangement of/Semiconductor layers. 



^^zlT. The device of claim 1$ wherein said semiconductor 
layers are epitaxial layers and said wafer-bond layer is 
a semiconductor substrate. 

The device of claim 1© further comprising a 
transparent wafer-bond substrate on a side of said 
semiconductor layers opposite to said wafer-bond layer. 



The device of claim lg) wherein said semiconductor 
layers form an LED structure. 



18. The device,_jpf claim 14 whereingaid wafer-bond layer 



■ ow roci&ta ftG 
conductor layers . 




nas a ^low roGiptanco^ Q lGctsyj i fcp l jr rn nn o rtTion . to said semi- 



\&. The device of claim 10 wherein said wafer-bond layer 
is a transparent substrate having a thickness greater 
than 8 mil, the transparent substrate being wafer bonded 
to said semiconductor wafers. 



The device of claim 1$ wherein said semiconductor 
layers include an active layer having an emission energy, 
said wafer-bond layer being an electrically conductive 
substrate having an energy gap greater than said energy 
emission. j 
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The device of claim 1® further comprising a second 
optically transparent wafer-bond layer coupled to said 
semiconductor layers . 



22. A method of forming a light emitting diode (LEJ 
comprising: 

providing a first substrate; 

epitaxially growing a plurality of layers, 
including active p-n junction layers for generating light 
in response to the conduction of current, the/layers 
including at least one aluminum-bearing semiconductor 
layer; and 

wafer bonding an optically transparent 
passivation layer onto the aluminum-beating semiconductor 
layer, thereby retarding the occurrence of hydrolysis 
within the aluminum-bearing semiconductor layer. 

23. The method of claim 22 wherein the wafer bonding is 
a step performed such that desi^red ohmic characteristics 
are exhibited at the int^rfaofe of the passivation layer 
and the aluminum-bearing seifiiconddctor layer. 




24. A method of f orming^ dVJLi§ht emitting diode (LED) 
comprising: 

providing temporary growth substrate, includ- 
ing selecting the mfowth substrate to be compatible with 
lattice matching f6r the fabrication of LED layers; 

growing the LED layers on the growth substrate, 
the LED layers yftaving a first side and having a second 
side joined tc/ the growth substrate; and 

wafer bonding an electrically conductive mirror 
to one of tthe first and second sides of the LED layers to 
reflect Light emitted in the direction of the mirror, 
including elevating the temperature of the LED layers and 
the mi/ror during the wafer bonding such that a low 
resistance connection is achieved. i 
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25. The method of claim 24 further comprising removing / 
the growth substrate, the removal of the growth substrate 
occurring prior to the wafer bonding where the mirror/is 
wafer bonded to the second side of the LED layers. / 

26. The method of claim 24 wherein the mirror As sup- 
ported on a second substrate. / 



27. A method of stacking light emitting /diodes (LEDs) 
comprising: / 

epitaxially growing first L^D layers to form a 
first LED structure; / 

epitaxially growing secorid LED layers to form a 
second LED structure; / 

stacking the first LED structure onto the 
second LED structure; and / 

wafer bonding/th^ A irst LED structure to the 
second LED structure. / / a 



28. The method of cla4\n/27 wherein said first LED layers 
are grown on a tempo/ary growth substrate, the method 
further comprising /removing the temporary growth 
substrate. / 



29. The methard of claim 27 wherein wafer bonding 
includes aligning the first and second LED structures 
such that s&id first and second LED structures have the 
same polai/ity. 

30. The method of claim 27 further comprising the tunnel 
I unction between the first and second LED structures, thfe 
tunnel junction having a polarity opposite to the first 
anfci second LED structures. 
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31. A method of forming a light emitting diode (LED) 
having a plurality of layers including adjacent first and 
second layers joined at an interface, the method 
comprising the steps of: ^ 

patterning a first surface of the first la>4r 
such that at least one of the optical and electrical 
properties will selectively vary along the internee of 
the first and second layers; and 

wafer bonding the first surface of Ae first 
layer to the second layer. 




32. The method of claim 31 further comprising epitaxial- 
ly growing LED layers, patterning tjfe first surface of 
the first layer including selecting a pattern to define a 
desired electrical current path/to the epitaxially grown 
LED layers. 



33. The method of clalm/Eil i^herein patterning the first 
surface of the first l&yir includes removing material 
from the first layer /to form a depression along the first 
surface. 



34. The method of claim 33 further comprising forming an 
electrode aligned with the depression for applying a 
voltage, the electrode being positioned at a side of the 
first laWr opposite to the second layer. 



35. /The method of claim 31 wherein the first layer is 
selected of a material to form a current spreading window 
*yer . 



* 
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36. The method of claim 31 wherein patterning the fi^&t 
surface includes selecting a pattern to define alright 
reflection pattern for light generated by tfc^LED. 



37. A method of forming /k light emitting diode (LED) 
comprising: 

providing aJfltSB^ substrate ; 

providi^i^a II-VI LED structure on the first 
substrate; and, 

ffer bonding one of a III-V semiconductor sub- 
strate ^rfid a SiC substrate to the II-VI LED structure, 
thereby enhancing stability of the II-VI LED structure. 





i 



